The authors report data Ón the site fidelity and home range in some species of birds captured and banded at the Ornithological Station of Mbour (Senegal). In addition, the orientational strategies of individuals displaced to sites 13 and 25 km from the home site were studied in two species of doves (the Laughing dove and the Black-billed Wood dove).
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INTRODUCTION F. Baillon and S. Benvenuti
The attachment of birds to the places where they live is demonstrated not only by the frequent recaptures of individuals in the original ringing area, but also by the marked homing ability usually observed after birds have been experimentally displaced. This site attachment is pertinent not only to the breeding area, but also to the wintering site (see BENVENUTI & IOALÈ 1980a , 1980b and even to a series of places where birds stop during their migratory flights (see WILTSCHKO & WILTSCHKO 1978) .
Even if the home fidelity and homing ability of birds have been documented in a variety of species (references for earlier papers are found in MATT HEW^ 1968 , ABLE 1980 , there has been little recent systematic research on this interesdg behaviour, WALLRAFF 1986a), a study on breeding colonies of Sand martins (Riparia riparia) (references in BALDACCINI et al. 1989) , and a series of studies on birds wintering in the USA (RALPH & MEWALDT 1975 , 1976 and in the Mediterranean area (BENVENUTI & IOALÈ 1980a , 1980b , 1983 IOALÈ & BENVENUTI 1982 , 1983 IOALÈ et al. 1988 ).
To make a new contribution to this subject, we performed experiments on the site attachment and homing behaviour of some species of birds wintering or permanently residing in a study area within the Ornithological Station of Mbour in Senegal.
i with the exception of longstanding investigations on pigeons (reference9 I in PAPI 1986;
MATENALS AND METHODS
Study area and capture nzethods. Our study plot was in the area of the ORSTOM Center (Observatoire geophysique, Station d'ornithologie et de Mammalogie), 2 km SE of Mbour, Senegal (14O23'N, 16O58'W). The data given here were mainly collected from November 14th to December 5th, 1988 ; between these dates only, birds were banded and subjected to passive displacements and to other experimental procedures. Additional captures were performed in the following periods: January 10th-14th and 18th-19th, and February 21st-24th, 1989 . During these winter capturesessions, we recorded data on trapped birds, but neither banding activity nor displacements were carried out.
The birds were trapped in mistnets 15 m long and 3 m high, which were in place from sunrise to late afternoon in four <(capture stations>> (see Fig. 1 ). Most of the doves and some of the other birds were captured in other sites in the same area where they were sometimes attracted by water and food placed in cage-traps.
Release experiments. Most of the captured birds, which were banded for individual identification and checked for the wing length and body weight, were released in the immediate vicinity of the capture site. Each of the remaining birds, on the other hand, was placed in a separate cloth bag and carried by car to a release site, usually within a few hours of their capture. We used four different release sites: 5 and 25 km NNW, 5 km SE and 13 km SSE of the capture station (home). The only proof of homing ability was taken to be the recapture of the displaced birds at the trapping site. As regards the recapture distance, we have considered the distance between the median points of the two nets in which each single bird was captured and subsequently recaptured. When a bird was trapped twice in the same net, the recapture distance was considered to be zero.
As far as the doves are concerned, we made attempts to study their orientational strategies by releasing them according to the procedures used for the studies on the homing behaviour of pigeons. Releases were accomplished in sunny conditions, with light or moderate wind; the birds were released singly, alternating the two species of doves (the Laughing dove, Stveptopelia senegalensis and Table 1 gives a list of the species of the birds ringed, together with data on recaptures of displaced and non-displaced birds. The numbers of unbanded birds trapped in the winter (January and February) are given too; these numbers can be 
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used to infer which species reside in our area during the whole trapping season and which are only present during migratory movements. Meaningful comparisons between the number of birds banded in autumn (Nov. 14th to Dec. 5th, 1988) and those captured in winter (Jan. 18th to Feb. 24th, 1989 ) cannot be obtained, on account of the fact that the exact number of unbanded individual birds captured in winter cannot be accurately assessed because of the lack of marks for individual identification, which meant that some birds may have been captured more than once. This problem was particularly relevant to species with high recapture rates (see Table   1 ). 2. The horizontal lines connect two short vertical marks indicating the capture and the recapture dates for each single bird during the whole capture season (November 14th, 1988 , to February 24th, 1989 ). In the cases in which there were two subsequent recaptures of the same individual, the first recapture is indicated by a vertical mark at an intermediate point somewhere 'along the horizontal line at the appropriate date. In the right margin, the mean recapture interval is indicated for each species. The arrows indicate the dates on which mistnets were operating. The abbreviations in the left margin indicate the species according to the explanations given in Fig. 2. capture site, the recapture distances are quite small. In fact, 35 out of 50 birds (70.0%) were recaptured within 50 m of the former capture site. As to the palearctic breeders wintering in, or migrating through, our study plot, we have only nine samples (see Fig. , 2), but these too yielded figures consistent with the global result: 6 out of 9 birds (66.7%) were, in fact, recaptured within 50 m of the former capture site. Data on the recapture interval [time elapsing between the capture and subsequent recapture(s)] are shown in Fig. 3 . It turns out that the mean recapture interval is quite long, ranging from.30 to 72 days, the only exception being the Garden warbler (Sylvia borifi). Thus, in most of the species considered in our study, it appears that individual birds have a tendency to stay in the area for quite a long time. birds, in fact, landed soon after the release or were lost behind bushes or trees close to the experimenters. The doves that vanished tended to fly very close to ground level and, due to this behaviour of these birds and to their small body size, vanishing times longer than 1 min were quite rare.
Homing experiments with Laughing doves and Black-billed Wood doves
On the whole, nine releases (four at 13 and five at 25 km from home; home direction 3 2 8 O and 1 5 7 O , respectively) were performed. The orientational data are presented in Table 2 and in Fig. 4 . After pooling the vanishing bearings with the home direction set to Oo, the bearing distribution of both the L-and BbW-dove turned out not to differ from random (Rayleigh test: P>O.l); however, the V test, which estimates not only the scatter but also the angular deviation of the vanishing bearings from the expected (home) direction, reveals that the bearing distribution of the BbW-dove (Fig. 4C) , unlike the L-dove, shows a significant clustering around the home direction (V test: P<O.O5). After pooling the vanishing data with respect to North set, to Oo (Fig. 4, B Only 8 birds were recaptured at the ringing station after the releases: 4 L-doves (three released at 13 km and one at 25 km from home) and 4 BbW-doves (all released at 13 km).
DISCUSSION
Experihents on site fidelity and home range
Our experimental design aimed to investigate the home range, site fidelity and homing success of birds outside the breeding season; this topic has not, in fact, received as much attention as that devoted to the study of the breeding territory, on which much empirical information is available in the literature. The results of this study were also intended to provide the base for a comparative analysis drawing on the results of similar experiments performed on birds wintering in the Mediterranean area, i.e. under very different ecological conditions (BENVENUTI & IOALÈ 1980a 1980b , 1983 IOALÈ & BENVENUTI 1982 , 1983 .
The present contribution to this subject, however, is limited by several factors, including the difficulty of defining the limits between the breeding and non-breeding season in our area. The period in which our data were collected was outside the main breeding time of the species taken into consideration. However, we cannot exclude the possibility that some of the birds used in our tests were in breeding conditions; Laughing doves, in fact, breed all through the year in this region, and Black-billed Wood doves may still be active around the nest in November (see URBAN et al. 1986 ). On the other hand, most small passerine birds -and 17 out of 20 species listed in Table 1 are passerines -are not involved in widespread breeding activity in the period in which our experiments were performed (most birds were recaptured in Junuary or February; see Fig. 3 ). Of course, this problem only affects tropical species, certainly not the palearctic breeders wintering in tropical regions (7 out of 20 species; numbers 2, 7, 10, 11, 14, 18 and 19 in the list in Table 1 ). Another problem arises from the fact that we made no attempt to determine the age of the banded birds.
Bearing in mind these limits (including the fact that few data are available for many of the species listed in Table l) , we may try to analyze the relationship between the birds considered in our investigation and the study area. In our study site fidelity is testified and measured by the percentage of the banded birds which have subsequently been retrapped in the area. This recapture percentage varies greatly among the species. The small sample size certainly contributes to this variability, which may also reflect different degrees of site attachment in different species. If we consider the recapture rate of non-displaced birds, the species listed in Table 1 may be distributed in three categories which correspond to three different kinds of relationship between individual birds and their habitat.
(I) The first category includes species of birds attached to a home site of limited extent, as shown by the high recapture percentages, small recapture distances and long mean intervals between the first and last capture, indicating that the birds reside in the area permanently or for a long time. Several species of local birds (Prinia subflava, Camaroptera brachyura, Pycnonotus barbatus, Pogoniulus chrysoconus) and of palearctic breeders (Phoenicurus phoenictlrus and Luscinia megarhynchos) fit this pattern of features. It is worth noting once again that the home site in the latter two species is the wintering site, which is temporally and spatially distant from the breeding territory; on the other hand, it is not so easy to determine whether the home site of local residents is both the breeding and non-breeding site, as they may be attached to the breeding territory even in non-breeding periods.
(II) We have included in a second category those species in which the members of the population are not attached to a small home site but range over a large area, which may be much wider than our study plot. In species adopting this strategy we expect long recapture intervals (the population is present in the area, at least during the winter) and low recapture percentages (individual birds range over a wide area and the probability of trapping them twice is rather small). The presence of the species in the area, in spite of the low recapture rates, should be confirmed by frequent captures of non-banded individuals during the trapping season. A local bird (Ploceus melanocephalus) and a palearctic breeder (Hippolais pallida) fit this set of features.
(III) The third category includes birds migrating through our study plot to reach their winter quarters in other areas. These birds are, therefore, only present for short periods during migration and we expect no recaptures during the winter (but recaptures may occur during the subsequent migratory trip in the opposite direction); recaptures can only occur within a time-span of a few days, giving short recapture intervals. Two species of palearctic breeders can be included in this category: Sylvia borin and HippoZais polyglotta. For the latter species, the small sample size calls for further investigation, but our data find support in MOREAU (1972) , according to whom these birds winter at lower latitudes. The same author reports that the Blackcap (Sylvia atricapìlla) winters at the latitude of our study plot, but we have no recapture data for this species. This result, in conjunction with the fact that we have no captures of unbanded individuals during the winter, indicates our study plot is apparently not a favourable area for the Blackcap outside the migratory periods.
In addition, the field data for Serinus mozambicw, an African species for which we have no recapture records, fit this category of birds.
As regards the species which have not been included in any of the three categories, the small sample sizes connected with unclear results call for further collection of empirical data.
It is interesting to note that, unlike Plocetis melanocephabs, many other species show a global tendency to occupy a small home site, as witnessed by the fact that most of the recaptures were within 50 m of the former capture site (see Fig. 2 ).
As shown by BENVENUTI & IOALÈ (1980a) and by IOALÈ & BENVENUTI (1983) , strong home fidelity is not necessarily related to good homing performances after passive displacement. In fact, several species of wintering passerine birds show high recapture percentages in non-displaced birds, i.e. they are faithful to their home site, but show quite.poor homing success after a displacement of 4-8 km. Besides this, there are lower recapture percentages in non-displaced birds than in displaced ones in the data reported here; this aspect of our study, however, is at a very preliminary stage and cannot yet be discussed in detail.
Homing experiments with doves
Considering that homing pigeons use a map based on olfactory information (see PAPI 1986 , WALLRAFF 1986a , other species of birds belonging to the same family (Columbidae) are interesting for comparative analysis. Laughing doves and Blackbilled Wood doves appear to be particularly suitable for this kind of investigation because they are quite common as resident birds in our study area, can be trapped in good number and can be easily manipulated and subjected to homing experiments.
Compared to pigeons, the Òrientational behaviour of the doves was quite poor, and a barely significant homeward tendency is only revealed in BbW-doves. Longer mean vectors, however, especially in the case of L-doves, are obtained by pooling the orientational data with respect to North; in this case the birds show a tendency to fly toward the South-Southwestern sector of the horizon. The meaning of this orientational strategy is not clear: both wild birds and homing pigeons often reveal a stereotyped tendency to fly in a compass direction with no apparent relationship to the home direction (itnonsense orientation)> according to MATTHEWS 1968, or <cpre-ferred compass direction)> according to WALLRAFF 198613) .
It is worth noting, however, that the doves used in our experiments were captured in an area along the sea, where the coast approximately runs from NNW to SSE. Thus, a compass orientation in directions included in this sector, such as that exhibited by our BbW-doves (but not by L-doves), is the best one for a bird to reach the coastal area from inland regions (the release sites were 2 2nd 10 km from the sea).
A similar orientational strategy is shown by several littoral and river-bank inhabiting arthropods and other animals which exhibit stereotyped oriented movements toward the water direction when they are displaced to dry environments (references in WEHNER & WEHNER 1986); this mechanism, however, would be surprising in birds, which do not simply need to reach an area characterized by optimal ecological conditions, but a specific small fraction of the proper habitat (i.e. their individual territory). Firm conclusions cannot be drawn from our experiments, which are a preliminary study whose aim is to verify the feasibility of using L-and BbW-doves for homing experiments. Our tests have shown that these two species of birds can produce oriented vanishing bearings and that the BbW-dove appeared to show superior homeward orientation to that of the L-dove, which exhibited stereotyped southward orientation; further research, with a greater number of samples, is now needed to verify our results and to investigate the orientational strategy of displaced doves.
